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[57] ABSTRACT 
X 99MTolabeled radioactive diagnostic agent being 
useful for visualization and dynamic inspection of bepa- 
tobOiary ducts and having a high stability and no mate- 
rial toxicity, v bkh comprises "Tc in the form of 
pertechnetate and a non-radioactive carrier, the non- 
radioactive carrier co m pri sin g an N-pyridoxyl-a-amino 
acid of the formula: 

OH *> 



— 5T j 

Rl— C— COOH| 




wherein R 1 and R 2 arc each an atom or an atomic group 
present in the a-amino acid residue encompassed by the 
dotted line and R 3 , R 4 , R 5 and R* are each a hydrogen 
atom, a halogen atom, a Ci-Cw alkyl group or a 
Ci-Cioalkyl group substituted with at least one hydro- 
philic group or its salt, and a reducing agent for per- 
technetate. 

12 Oahns, No Drawings 
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wherein R 1 and R J arc esRi an atom or an atomic group 



ft 

EcSCnai 



DininirnvF DIAGNOSTIC AGENT AND present in the a-amino acid residue encompassed by the 

X£SXgSS!S£2S&-*m ^^^f^^tSS 
' „ : nvrntinn „i.t~ to ■ "-relabeled radi- 5 fluorine), a Ci-Cioalkyl group (eg. methyl, ethyl pro- 

ducts and having a high stability and no material toxic- W P£^^ 9**^ in the form of pertechne- 

ity. and a «K>n-radK>active earner thenar. £c7nd ^ nonradioactive carrier. 

For the purpose of noninvasive, dyn^ ^ffP^f^ AmM ^ ^ jymbols, R» and R* can each repre- 
of hepatobiliary ducts, there have been used J*betod w ^ ^ which my * present in 

radioactive dia^stic agenu such as 15 ^ a^nmo acid residue encompassed by the dotted 

bromosulfophthalein <»U-BSP) and »il-labcled Rose lcs c f such atom and atomic group are hy- 

Bengal (»tI-RB). However, »«I emits 0-ray andhasa ^ |q aikyl substituted with at 

long half life (Le, about S days) so that ^those radioactive of nitro, hydroxyl mercapto, 

diagnostic agents result unfavorably in giving rcmarlc- C|-Cj0 Ci-Cio alkylthio, carboxyl oxo, thio, 

able radiation, exposure for patients. carbc^amido, phenyl etc, amino, imino, nitro, hy- 

Since »~Tc emits only r ray of about 140 KeV and mercapto, Ci-Cio *lkoxy. Ci-Cio alkylthio, 

has a short half life (Le. about 6 hours), it is quite suitable oxa ^ carbonamido, phenyl etc Thus, the 

as a nuclide for radioactive diagnostic agents to be ad- ^ alom ^ gmj? ^ be any one which b 

mmistered to human bodies. Because ofthtt reason, pnsait m alanine, argmine, asparagine, aspartic acid, 
attempts have been made to provide *^c-\abcM ^ cystine, glutamine, glutamic acid, glycine, 

radioactive hepatobiliary diagnostic agents, of wmcb nktidillCf hydroxylysine, hydroxyproline, boleucine, 
examples are »^c-penknllamine, *^c~2-mercap- leucine, lysine, methionine, norleucine, norvaline, orni- 
totsobutyric acid, *^c-N<2,6Kliinethylphenylcar- phenylalanine, proline, serine, taurine, threonine, 

bamoylmethyl)iminc<liacetic acid C^Tc-HlDAX etc, ihyrosine, tryptophan, tyrosine, valine, etc As the hy- 
However, these conventional radioactive diagnostic ^ which may be present on the alkyl 

agents are not satisfactory in their disappearance rate represented by R 3 . R 4 . R 5 or R 6 . there are exem- 

from the blood, their transfer rate from the liver into the —SO3H, — SCfcM, -OSOjH, -OSOjM, 

gall bladder, their excretion percentage into the urine, LcoOM, — NRjX, -COOH, — NH2. — CN, -OH, 
their stability and toxicity, etc — NHCONH2* — {OCHzCHj),— , etc (in which M is 

Recently, it was found that pyridoxylideneaminates J$ M ^ Vai; mcU j atom ^ a* ammonium group, X is a 
labeled with Tc have excellent properties suitable halogen atom, R b a C1-C10 alkyl group and n is an 
for diagnosis of hepatobiliary ducts [Kaku Igaku, 14, optional integer). 

927 (1977); J. NucL Med-, 19. 397 (1978)). Among them, r Tbc nonradioactive carrier of the present invention 
99mTc-labeled pyridoxybdene-bcJeucine was actually comprises as the essential components at least one of the 
subjected to clmical examination, and its utility as a ^ ^pyrioVDiyl^-amiDO acids of the formula (I) and their 
hepatobiliary diagnostic agent has been highly evalu- S4 j u ^ M least one of the reducing agents for pcr- 

ate<± . . , , t e chnet s t r. 

As a result of the extensive study, it has been found jbe N-pyridoxyl-o-amtno acids of the formula U) 
that the complex formed from an N^yridoxyl^x-amino be manufactured by various procedure*, among 

ncid end ^-Tc shows Ernies! biological behav- 4J wnich , typical example i* rcpresentable by the formu- 
iors in mammals simiUr u> lSosc of tbc compkx formed j^. 
from the corresponding N-pyridoxylideneHX-amino 

acid and "Tc For instance, their cbixmiatographic rS-c-O 
behavior and distribution in mammalian bodies are ex- ~ 
tremely similar to each other. Advantageously, an N- 
pyridoxylKi-amino acid is more stable than the corre- 
sponding N-pyridoxylideoeKi-amino acid within a 
wider range of pH, and therefore the former b more 
suitable for a carrier than the latter. This invention b 




based on the above finding. 55 

According to the present invention, there b provided 
a non-rad>oactive carrier to be used in diagnosis in nu- 
clear medicine which comprises an N-pyridoxyl-a- 

urnino acid of ll»c formula: 



(A) 00 



(D 




OH 



65 (O 

wherein R«. R». R», * 4 . R 5 and R 6 are each as defined 
above. Namely, the o-amino acid (A) and the pyndyl- 
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ketone (B) are condensed, fottoJw by hydrogenatioa coprous smhs, sodium oWhydride, lithium aluminum 

of the resulting Schiff base (Q to give the pyriooxy^a- hydride, etc. # 

amino acid (I). The condensation b usually earned out On preparation of the ix»-radioactrve earner of the 

in the presence of a base such as potasnum hydroxide in invention, the said eaaential components, U. the N-pyiv 

an inert solvent such as anhydrous methanol, and the 3 dax^a^aano acid (I) or its salt and the reducing agent 

subsequent hydrogenatioo may be accomplished by for pertechnetate, may be mixed m an optional order, 

catalytic hydrogenation in a conventional manner p. ^ nonradioactive carrier ^^J^J^^ 

Am. Chcm. Soc. 7a 3429 (194*)]. * °™ «b n powder c* ryophfcxed po^der«ma 

Anion* various N-pyridoxyl^amino acids (XX pre- ***** prepwiJOQ form such as aqueous solution. The 

fer^^^ " * 5 

R<bby^*ymethyl^^ 

can each represent any atom or atom* group which ^ hydrochloric add) orMuSaMcg. 

exists in the residue of a natural or artificial a-ammo ^^^2«x^L n3W ^^ ' v * 

acid encompassed by the dotted line in the formula (1% t °^Stothe said essential components, the non. 
their preferred examples are radioactive carrier may include aaVcoo^twnal add*- 

methyl, isopropyl l^ethylpropyl. 2^ylpropylX ^ ^ m m ^Hoiid** (eg. ascorbk acid, erythor- 
carboxy(lower)alkyl (eg. 2-carboxyethylX bydroxy(- ^ ^ ^ ^ tt botocuxation agent (eg. so- 
lower)alkyl (eg. hyo^xyniethyU.hydroxycthylX pbe- ^ ^j^^ a preservative (eg. benxyl alcohol). 
nyl(lower)*lkyl (eg. benzyl), hydroxyphenyl(lower)al- ^ ^ the N-pyridoxyi^-amino acid 0) 

kyl (eg. 4-hydroxybenzyI), etc, The term -lower" is or its sah and the reducing agent for pertechnetate in 
intended to mean an atomic group having not more than ^ OOM1< fi oact i ve carrier a usually within a range of 
8 carbon atoms. I to jo^ preferably of 3 to 3a The reducing agent may 

One of typical examples of the N-pyridoxyl^a-anuno ^ ^ m a jufuoent amount to reduce *Tc m the 
acids (I) is an N-pyridoxyl-tryptophan derivative of the ^ f om of pertechnetate present in theTc-Ubded radn 
formula: oactive diagnostic agent prepared by the use of the 

- ooo-ffa4ioactrve carrier. When the stability of the non* 
01) radioactive carrier b taken into conside r ation, the re* 
ducing agent may be employed m such an amount as 
30 being left at a concentration of 0.1 to 5 mmot/L after 
the preparation of the *"Tc-labeled radioactive diag- 
nostic 

For preparation of the *"Tc-labekd radioactive 
^j'g^ agenU ^Tc in the form of pertechnetate 
33 may be contacted with the nonradioactive carrier. 
Tc m the form of pertechnetate is used normally in 
its aqueous solution, which may include additionally 
any conventional additive such as a preservative (eg. 
, . „ t «o »m »n JB n . . . benzyl alcohol) or an notonixafJon agent (eg. sodium 
wberem R^R^R^RWRH and R»are each a hydro- ^ ^ ^ co««tration of ^c in the H «c- 

gen atom, a halogen atom, a Ct-C 5 *lkyl group or a ^ >oJoticm u ^ *»-rTc-Ubcled radioactive diagnostic 
C1-C5 alkyl group substituted with at least one hydro- h M -nrtkxUriy limited, it should have such a 

philic group. Particularly preferred is the one of the concentration as can afford a sufficient radioactivity 
formula GO wherein R 7 , R 1 , R 9 , R n and R« arc etch c ^.r.,j. -^.j, y * * f p-,- cl-.'TK>xix o r Y< ; * : » ') 1 *' Q' dutu, prcf- 
hydro^en and R>° is hydrogen or methyl. ^ f ' .'V*7 — C.Ho 50t;O b* lout 0.5 to .VOmlit 

Depending upon the kind* of FJ f R*and R 3 , the car- - t - .Z^,,. c , t j.; -, n . r jon. 
bon atoms to which those groups are attached may be As the result of the combination of the non-radioac- 
asymmetric carbon atoms. In such case, there may be (j vc carrier in an aqueous solution form with an aqueous 
present four kinds of optical isomers or diastereomcrs, solution comprising **Tc in the form of pertechnetate, 
i.e RR — , RS— , SR— and SS— forms. Any of these jq there b prepared the WTc-iabckd radioactive diagnos- 
isomers and their mixtures can be equally used in the ^ ggcQt in «tu- 

non-radioactive carrier of the invention. The non-radioactive carrier of the present invention 

Examples of the salts of the N-pyridoxyl-a-amino h** the following advantageous characteristics: 
acids (I) are the salts formed with organic or inorganic (i) The carrier b quite stable within a wide range of 
cations such as sodium ion, potassium ion and ammo- 55 pft »o that it can be stored for a long period of time after 
nium ion, the salts formed with inorganic acids such as the preparation; 

hydrochloric acid, nitric acid, sulfuric acid and phos- (2) The carrier can aflbrd a w ^c-labeled radioactive 
phoric acid, the salts formed with organic acids such as diagnostic agent by a simple operation, for instance, by 
acetic acid and oxalic acid, etc contacting an aqueous solution comprising 99 " r Tc in the 

As the rcdudnf. *£cni for pr.m.-c?-nc:^?^ th-rrc rr.cy tr f~ r -r. c" p-sr.-"*" r j . * r C ^r--i:K; 
be used any stannous salt chosen from sunnocs h^ikics (5) Tbc courier i* ituiUjaJiy r#cm-iciic, etc. 
(eg. stannous chloride, stannous fluoride), stannous Further, the *** r Tc-Ubeled radioactive diagnostic 
sulfate, stannous nitrate, stannous acetate, stannous ci- agent prepared by the use of such carrier has the follow- 
trate, stannous tartrate, etc. Any other reducing agent ing meritorious features: 

which can convert heptavalent technetium into any 63 (a) The diagnostic agent b stable for a sufficiently 
lower valent technetium b also usable insofar as its long period of time after the preparation; 
administration to mammals does not produce any mate- (b) the labeling efficiency of "Tc b extremely high 
rial toxicity. Examples of such other reducing agent are (eg. 98% or more); 
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i of • m«rfaHd«i ****** *• rf 
W yyiidai rxrypaophaa and ataa aoaa chloride 
1toa**TLTSaA~) 





(300^M^>«K»tfeacU(lM^ww«nolve& ^ 
aad K^rid axy i ^trjpa^ a» a P- Am. Ox». Soc, 7Q» 
3429 0»O)i (1599 «g) wiif riiil tbcrefa. To th« 
reaakaat auapeaaioa vMk atkrfag» 2 N aodhiia hydrox- 
ide (zj bo r»*»»y *> ■»*» *• 
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hgnl«kM««a4H*nlio«vHordb<Ml7widi2N TW Aovt rwoto Xhtt I 
fcjd i oiiil«fc «dd. «ad mhydnm mmm nm i I. Wirt i {4* «ah «4* M > ^ 

^ta^N^Mdto l pHU0 1 ^ > 2N n4ha hy- of fcqatofcttvy tfactt. 

droxide aoaatios cad/or 2 N hydrochloric acid, rvAiivt b i 

whereby a ccaorteaitracu?^ EXAMJXE* 

rftdnactive ctcrrier TLTSbA." %ra cbtxzavL Ttx rx»- Sse62iry of tb* aoa^adiotctive carrier •TLTSaA*' 

radioactive carrier TLTSeA" (1 toQ wm filled fa a vial Tba aoa-radioactive carrier TLTSaA" at pt e pai a d 

thro«*fh t fiber of 0-22** fa pore th* fa a*tror=n etnso- ^ ^ ..jr-. j rt r *J €* C tx^hr rise ffteAe of 
K^*- 45 r ^^->:^ fecei Kj*f. tjc * p&kg of 50 or ICO d*r* 

EXAJ^rL 4 - I t'-.rtr*«:-:crt'.:."r:-- ' ><; t • ■■ ■: - ">^. * ^*Tc- 

waaprc^eafaExmin^lThelabe^ 

„ ;^ooo^fao<ctrveca^ ^ae cwfirmed to bt 100% fa both cam (La, tffar 50 

(berefaaAer referred to as Tc-(PLTSoAn *> ^ aoraga aad after 100 Uyt storage), TU dfetrfca- 
la a vfal fashed with aatrogca gaa, the aoa-radfaao- tkse* fa tba orgeat of rata whea teated aft fa Exempt* J 
five carrier TLTSoA- (UO ml) wm admixed wkh a are abowa fa Tebfa 2 wberefa tht vareet fadketa thoet 
physiological aalfae aotatioa coatfafafag Tc (10 mO) 1 boar after the a dmiahur ad o*, 
fa the form of aodfam pertcc hnetau (1j0 ml) aad stirred tam p 9 

wetL TT* vfal ww heated fa a bach c/bc&ng water for 55 

Smfatt^sedthcacookdfaa watered P * *** ** ^TTgP**** 

peratnretoo^acoktriea^traaspar^ ^ > *^TfY f 

K-To4abeied radioactive dfataoatic agest Tc 11 m 1 

(PLTSaA).- 

C j " i i » • ; ' 

layer chrocnatogxapby a*ag a aiiica $zA thfa Uycr pUte 
aad a mixtare of methyl ethyl kctoac, fnctK*acJ and 2 M 
pouactom chloride aofaboa (10^9:1 by volume) a* a 
developing aorvcai. Sramtfng wkh a radtochromato- 45 
fram acaaaer revealed the pr taco o t of a afafte apot 
having radioactivity at R/~o!62, aad aay other radioac- 
tive peak was not recognized. 
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TABLE 2-coatmocd EXAMPLE 7 
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rati (% Ip nduacnvtfy MfeaBMfc: 
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Bbdder (Urve) 3.92 







PrcpftTtK^ P** ^Tn-lahrled radioactive di agTmntir 
F jywf« nsmg the nonradioactive carriers obtained by 
5 the oe of the N-pyrkku^inx-ainmo acids (I) other than 
N-pyrick)iyl-tryptoph*n 

In tl : same manner at in Example 2 but using the 
Doo-radkttctrvc earner "PMSnA/* "PLPSnA" or 
|Q -pDLMTSuA" m place of the noo-rsdaoactrve carrier 
*TLTSaAT there ww prepared the* 
From the above results, it b understood that the noo- oactxve agent ~Tc-(PLISaA),~ To 

radioactrve carrier "PLTSnA" b stable even after the (FLPSaAf or *Tc-(PDLMTSnA)r as a colorless, 
storage at 3* to 6* C for a period of 100 days or more. transparent solution. 

EXAMPLE 5 15 EXAMPLES 

Stability of the «"Tc-labeled radwactrve diagnostic Distribute of the 

agent Tc-CPLTSaA)" * gCnt * m *** ° rg * D * ofnU * 

n^^^^t^^ "£2« » ^5=? S^: 3 

(PLTSnA) as prepared m Example 2 was stored at jpfj^^ ~n><PLPSuAr or ^Tc^lMTScAr 

room temperature under the state of prevention from m ^ ^ nmtjc^^ radwetive diagnostic 

light for 24 or 4% hours. Then, the distribution of the agent *Tc-(PLTSuAX" the distribution in the organs of 

resulting di a gnostic agent in the organs of rats was p h ] hoar after the administration was ~— The 
examined as in Example 3. The results are shown in 25 results are shown in Table 4. 

Table 3 wherein the values indicate those 1 hour after TABLE 4 

the administration. ^^^^ 



of To— (PlJSaAX To— (TLTSaA) 
TABLE 3 arfTo-<rWJrTSaA)«ocp»»ofwi» 
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Froen the fuovc rc: il^ h k r^icrttood thr-Z the 

Him t ntj ■■^■■■■■li.irf uniiM ^-Tolabeied radioactive dhgiKwric agents arc all u*> 

ful for eaaniination of hepatobiliary ducts. 

From the above results, it is understood that the EXAMPLE 9 

99 "*Tc4abeled radioactive diagnostic agent *Tc- ... ... Am 

turefor4*hoursornx>rtSu«t^ PLPSnA and TDLMTOiA 

about 6 hours, the assurance of the stabffity^ In the same manner as in Example 4, the stability of 

of about 24 hours b sufficient for the practical use of the the noo<adioactrve carriers "PLiSoA/* "PLPSaA" 

^^Tolabded radkjactive diagnostic agent. „ and TDLMTSaA" was examined. As the results, it 

33 was confirmed that they are stable even after stored for 

EXAMPLE 6 a period of 100 days or more. 

Preparation of noo-radioactive c ar rier s using the EXAMPLE 10 

K pyridoxyH^o^^ 60 ^ -T^LlSaAr. *Tc-(PLPSciA)"" and 

In the same nunnw as m Example 1 but using N-pyri- ^Tc^PDLMTSaA)** 

dozyl-L^isoleucine. N^yridpz^L^henylaia^ or In the same manner as in Example 5, the stability of 

N-pyricV>s^DI^5-mcthyt^ prepared by a ^ 9Vrx c 4 a bcled radioactive agents Tc- 

convcntional procedure [J. Am. Chan Soc, 70, 3429 & (PLTSnA%- *Tc-(PLTSnAr «** * To * 

(194^)] in place of N-f^yridoxyWy^ryptc^)han, there (PDLMTSoA) w was nammrd. As the results, H was 

was prepared the norwadioactive carrier - PLISnA,- confirmed that they are stable even after stored for a 

-PLPSnA- or "PDLMTSnA.- period of 4S hours or more. 
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EXAMPLE 11 

Toxicity of the non-radioactive diagnostic agents 

In the same manner as in Example 1 or 6 but using the 
materials other than water in amounts of 2 times, there 
were prepared non-radioactive carriers having 2 fold 
concentrations in comparison with the concentrations 
of the non-radioactive carriers as prepared in Example 
1 or 6. 

The resulting non-radioactive carriers were intrave- 
nously administered to groups of SD strain male rats, 
groups of SD strain female rats* groups of ICR strain 
male mice and groups of ICR strain female mice, each 
group consisting of 10 animals, at a dose of 1 ml per 100 
g of body weight (This dose corresponds to 2400 times 
the normal dose to human beings.) Separately, the same 
volume of physiological saline solution as above (per 



# 10 

ryl, R 2 , R 5 anaTP are each hydrogen, R 4 is hydroxy- 
methyl and R 6 is methyl. 

5. The non-radioactive carrier according to claim 1, 
wherein the N-pyridoxyl-a -amino acid is an N-pyridox- 
yl-tryptophan derivative of the formula: 



00 



10 



15 




NH 



HjOOHH 



wherein R* R 8 , R 9 , R w , R» and R 12 are each a hydro- 



unit of body weight) was intravenously administered to 20 gen atom, a halogen atom, a C1-C3 alkyl group or a 

the same groups of animals as above for the control Ct-Cs alkyl group substituted with at least one hydro- 

For 10 days after the administration, the animals were phflic group, 

fed, and the change of body weight was daily recorded. 6. The non-radioactive carrier according to claim 5, 

No significant reference was recognized between the wherein the N-pyridoxyl-tryptophan derivative b the 

drug administered groups and the cxmtrol groups. Then, 25 one of the formula (II) wherein R 7 , R 1 , R 9 , R u and R 12 



all the animah were sacrificed and subjected to observa- 
tion of the abnormality in various organs. But, no abnor- 
mality was seen in any of the ««™t«. 

From the above results, h may be said that the toxic- 
ity of the nonradioactive carrier according to this in- 
vention b extremely low. 

What is claimed is: 

L A non-radioactive carrier com pr i si ng an N-pyri- 
doxyl-a -amino acid of the formula: 



30 



35 




0) 



40 



wherein R 1 *r*d R 2 jl- c each *:<xn cr an atoci^c gsojp 43 
present in the a-amioo acid residue encompassed by the 
dotted line and R 3 , R\ R'and R* are each a hydrogen 
atom, a halogen atom, a C1-C10 alkyl gr o up or a 
C1-C10 alkyl group substituted with at least one hydru- 
philic group or its salt, and a reducing agent for per- 50 
technetafe. 

2. The non-radioactive carrier accor din g to claim 1, 
wherein the N-pyrifoxyl<i-amino acid is the one of the 
formula (I) wherein R' and R s are each hydrogen, R 4 is 
hydroxymcthyl and R* b methyl 

3. The non-radioactive carrier according to claim 1, 
wherein the N-pyridoxy!-a -amino acid b the one of the 
fonruls (I) wherein R 2 t R3 *s>d R 3 are each hydrogen, 
1/ L hydroxy rxic^hyl trid \J- u wcthyL 

4. The non-radioactive carrier according to claim 1, 
wherein the N-pyridoxyl-a -amino acid b the one of the 
formula (I) wherein R 1 b hydrogen, methyl, bopropyl, 
1-methylpropyl, 2-mcthylpropyl, 2-carboxyethyl, hy- 
droxymethyl, 1-hydroxyethyl, benzyl or 4-hydroxyben- 65 



are each hydrogen and R 10 b hydrogen or methyl. 

7. The oon-radioactive carrier according to claim 1, 
wherein the reducing agent for pertechnetate b a stan- 
nous salt 

8. The non-radioactive carrier according to claim 1, 
wherein the reducing agent for pertechnetate b con- 
tained in an amount of 0.001 to 1 mol per 1 mol of the 
N-pyridoxyka-amino acid or its salt 

9. The nonradioactive carrier according to claim 1, 
which b in the form of aqueous solution. 

10. The non-radioactive carrier according to claim 9, 
wherein the concentration of the N-pyridoxyka-amino 
acid or its salt b not lest than 20 mmol/liter. 

11 A ""Tolabeled radioactive diagnostic agent 
which comprises ""Tc in the form of pertechneute 
and the non-radioactive carrier comprising an N-pyri- 
dyi-a-amino acid of the formula: 



oh a* 




55 



to 



wherein R* and R 2 are each an atom or an atomic group 
present in the a-«mino acid residue encompasaed by the 
dotted line and R\ R\ R*and R*are each a hydrogen 
atom, a halogen atom, a C]-Cto alkyl group or a 
Ci-C to alkyl group substituted with at least one bydro- 
philic group or its salt, and a reducing agent for per- 
techneute, 

IX The "^Te-l-*-:!^ r*4?iorctivc di/p*^*'- *"cnt 
i^xc^i; lo ci-1.; 3^ pfx^c-'cd b> cor.ucu;^ an aque- 
ous solution containing "-Tc, the radioactivity of 
which b 0.1 to 50 roG in a volume of 0.5 to 5 ml aque- 
ous solution at the time of administration, in the form of 
pertechnetate with the non-radioactive carrier. 
• • • • • 
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